Lactate transport has been studied in tissues such as erythrocytes (Aubert & Motais, 1975; Deuticke, 1977 Deuticke, , 1980 Deuticke, , 1982 Deuticke et al., 1978) , liver cells (Schwab et al., 1979) , Ehrlich ascites cells (Spencer & Lehninger, 1976) , small intestine Storelli et al., 1980) and kidney tissue, where it has been shown to be confined exclusively to the proximal tubule (Dies et al., 1969; Hohmann et al., 1974) . The mechanism of lactate re-absorption across the luminal membrane of the proximal tubule has been examined by using vesicles prepared from whole cortical tissue (i.e. containing vesicles from both the pars convoluta and the pars recta of the proximal tubule) of rat (Barac-Nieto et al., 1980) , rabbit (Nord et al., 1983) and horse kidney . The results of these studies indicated the presence of an Na+-dependent electrogenic transport process for L-and D-lactate in luminal-membrane vesicles. Furthermore, it was reported that L-lactate transport in these vesicle preparations occurred by means of a single strictly Na+-specific system.
More recently, Turner & Moran (1982) anatomically different regions of the proximal tubule, namely the pars convoluta and the pars recta. Interestingly, the results of all these studies revealed the existence of more than one transport system for the re-absorption of these compounds in the kidney tubule.
In the present investigation we examined the tubular localization of the Na+-dependent L-and D-lactate-transport system along the rabbit kidney proximal tubule by the use of luminal-membrane vesicles derived from the pars convoluta and the pars recta, using the method recently described from this laboratory . By contast with the previous observations, we now present clear evidence for the existence of dual electrogenic transport systems for lactate, which can be characterized in terms of affinity, specificity and cation-dependence, and are localized in luminal-membrane vesicles from two different regions of the proximal tubule.
Experimental Preparation of membrane vesicles
Luminal-membrane vesicles were prepared from whole cortex, from the pars convoluta and from the pars recta of the proximal tubule of rabbit kidney by the method already described (KraghHansen et al., 1984) . The purity of membrane preparations from the pars convoluta and the pars recta was examined by electron microscopy and by measuring specific activities of various markers as previously described (Sheikh et al., 1982 Petersen (1977) , with human serum albumin as standard.
Uptake experiments
Uptake of L-and D-lactate by various vesicle preparations was examined by a spectrophotometric method with potential-sensitive carbocyanine dye as previously described (Kragh-Hansen et al., 1982a,b al., 1980; Nord et al., 1983) , curvilinear plots were obtained with both L-lactate and D-lactate, which indicates the presence of multiple transport systems in vesicles from whole cortex for the uptake of these compounds. The spectrophotometrico.data were analysed as already described (Kragh-Hansen & Sheikh, 1984 The uptake of 5 mM-L-lactate (a) and 5 mM-D-lactate (b) by luminal-membrane vesicles prepared from the pars recta of the proximal tubules is shown. The intravesicular medium was 310mM-mannitol, whereas the external medium was 155mM-NaCl (curves 1) or 155mM-KCI (curves 2). In both intravesicular and extravesicular media 15mM-Hepes/Tris was used as buffer system. First, membrane vesicles, dye and salt were mixed. Afterwards, L-lactate or D-lactate, at Omin, was added, as indicated by the break in the curves. All the spectral curves were corrected for the effect of adding a small volume of 15mM-Hepes/Tris buffer alone. (c) and (d) describe the uptake of increasing concentrations of L-lactate and D-lactate respectively in the presence of a 155 mM-NaCl gradient. In the insets the results are shown in Eadie-Hofstee plots. For further experimental details see Fig. 1 The question whether L-and D-lactate are also transported by the same system in vesicles from the pars convoluta was examined in a similar way to that described for vesicles from the pars recta. The results of these experiments showed thatcation-unspecific uptake of L-and D-lactate is mediated via a single common low-affinity transport system by vesicles prepared from the pars convoluta (results not shown).
Discussion
The results presented in this paper confirm and extend previous observations that L-and D-lactate are taken up by luminal-membrane vesicles by an electrogenic transport system. However, in contrast with the previous findings, the experiments now reported clearly demonstrate that the electrogenic uptake of L-and D-lactate is mediated via dual transport systems in membrane vesicles from whole renal cortex, namely a low-affinity and a high-affinity transport system. The tubular local-1984 806 0 n rA. r q .
I ization of the transport systems was studied by the use of vesicles derived from the pars recta and the pars convoluta of the proximal tubule. In the pars recta transport of L-and D-lactate was strictly dependent on Na+ and occurred by means of a single high-affinity system. Cation-dependent but Na+ -unspecific transport of low affinity for L-and D-lactate was exclusively localized to vesicles from the pars convoluta. In this connection it may be noted that Bar'ac-Nieto et al. (1980) were unable to demonstrate any stimulation of L-lactate transport by luminal-membrane vesicles from rat kidney in the presence of artificially imposed pH gradients (extravesicular > intravesicular). Thus it seems improbable that the transient uptake of lactate can be energized by imposition of pH gradients. Competition experiments revealed that transport systems for L-and D-lactate are common both in the pars convoluta and in the pars recta. The existence of a high-affinity transport system for these two isomers in luminal-membrane vesicles isolated from the pars recta observed in this study is in full agreement with expectation, since the luminal concentration of lactate, like that of other metabolites in the late proximal tubule, probably is low and therefore requires a high-affinity system for effective re-absorption of this compound (for further discussion see .
